In Japan, high-sugar fermented vegetable extracts are novel functional food products for which sugar-tolerant yeasts are employed during processing. In order to understand the yeast distribution in these foods and their role in the functionality of such foods, we isolated sugar-tolerant yeasts from nine sample products, together with one sample each of fermented extract of ume (Japanese apricot) and honey. Twenty-three strains were identified as Zygosaccharomyces rouxii; one strain as ZZ bailli; one strain as Torulaspora delbrueckii; and one strain as Candida bombicola. Nearly 90% of the identified strains belonged to ZZ rouxii with variations in fermentation and assimilation properties. All strains grew well on 50% wlw glucose medium, and all but two strains grew on 60% w/w glucose medium. Sixteen strains belonged to the strong sugar tolerance type (poor or no growth at 1 % and maximum growth at 30 or 40% w/w glucose); four strains to the moderate type (grew well at 1% and maximum growth at 10 or 20% w/w glucose); and seven strains to the weak type (maximum growth only at 1% w/w glucose). One strain of ZZ rouxii, V19, grew up to 80% (wlw) glucose in liquid medium. In view of salt tolerance, only two strains belonged to the moderate type (maximum growth at 0.5 or 1 M NaCI); the remaining strains all belonged to the weak type (maximum growth only at 0 M NaCI). This suggests that sugar tolerance and salt tolerance of yeasts have different aspects.
In Japan, high-sugar fermented vegetable extracts are novel functional food products for which sugar-tolerant yeasts are employed during processing. In order to understand the yeast distribution in these foods and their role in the functionality of such foods, we isolated sugar-tolerant yeasts from nine sample products, together with one sample each of fermented extract of ume (Japanese apricot) and honey. Twenty-three strains were identified as Zygosaccharomyces rouxii; one strain as ZZ bailli; one strain as Torulaspora delbrueckii; and one strain as Candida bombicola. Nearly 90% of the identified strains belonged to ZZ rouxii with variations in fermentation and assimilation properties. All strains grew well on 50% wlw glucose medium, and all but two strains grew on 60% w/w glucose medium. Sixteen strains belonged to the strong sugar tolerance type (poor or no growth at 1 % and maximum growth at 30 or 40% w/w glucose); four strains to the moderate type (grew well at 1% and maximum growth at 10 or 20% w/w glucose); and seven strains to the weak type (maximum growth only at 1% w/w glucose). One strain of ZZ rouxii, V19, grew up to 80% (wlw) glucose in liquid medium. In view of salt tolerance, only two strains belonged to the moderate type (maximum growth at 0.5 or 1 M NaCI); the remaining strains all belonged to the weak type (maximum growth only at 0 M NaCI). This suggests that sugar tolerance and salt tolerance of yeasts have different aspects. Sugar-tolerant yeasts can grow in the presence of 40-70% (w/w) sugar (Lodder, 1970) and are frequently isolated from such high-sugar foods as fruit jam, sugar syrup, juice concentrate, dried fruit, molasses, and honey. It has been regarded that these yeasts cause the spoilage of foods from which they are isolated (Jermini et al., 1987; Tokuoka et al., 1985) . On the other hand, however, sugar-tolerant yeasts are not merely undesirable microorganisms. They are osmophillic yeasts that produce polyalcohols, thus creating a potential for industrial application (Groleau et al., 1995; Tokuoka et al., 1992) . This implies the need to investigate and exploit more of them further. Moreover, the mechanism of the sugar tolerance of yeasts has been studied less extensively than salt tolerance (Tokuoka et al., 1985) .
Recently in Japan, there are some food) products for which sugar-tolerant yeasts are employed during processing. These foods are variously called "functional foods," "health drinks," "enzyme drinks," "fermented vegetable extracts," etc. The exact manufacturing procedures of these foods are not disclosed. However, it is generally assumed that one important step is a slow fermentation of vegetable and/or fruit extracts under high-sugar concentration employing wild sugar-tolerant yeasts, the origin of which are unknown. One major difference of these novel foods from other highsugar foods used by many researchers as sources in the isolation of sugar-tolerant yeasts, is that the yeasts are not contaminants in the finished products but deliberately inoculated during processing. The manufacturers claim that their products possess various health-regulating functions. These food products contain 40-60% sugar, and some are thought to be unpasteurized. We believe that sugar-tolerant yeasts might contribute in one way or another to the unique functions of these novel foods. In our laboratory, we have already found that G o some yeast strains isolated from one such food product had antibacterial activity (Taing ok and Hashinaga, 1995) . In order to investigate their distribution in foods as well as determine their characteristics, we isolated and identified sugar-tolerant yeasts from commercial high-sugar fermented vegetable extracts.
TAIN K and
Marerials and Methods
Samples.
Nine samples from five manufacturers were used for the isolation of sugar-tolerant yeasts; five were obtained from a manufacturer and the others were bought at local health-food shops. To keep confidentiality, we do not mention the names of the products nor the manufacturer; instead, we use sample codes throughout this paper. Sample V-93-1, V-93-4, 0-95, C-95, M-95, and S-95 were finished products. Sample V-93-2 was an intermediate product; sample V-93-4 was the inoculum used in fermentation; and sample V-93-5 consisted of sugar crystals precipitated at the bottom of a fermentation tank. For comparison, we also used homemade fermented extract of ume (Japanese apricot). It was selected as a source of isolation because its processing method is thought to be similar to that of commercial high-sugar fermented vegetable extracts. Honey was also chosen as a source since its sugar content and pH are comparable to those of commercial products. Moreover, the slow fermentation of commercial products is considered to be similar to the natural process of honey from nectar by bees. Fresh honey was obtained by pressing a young beehive that was under construction at the roof-corner of a house in Oita prefecture, Japan. Under a microscope, fresh honey from the young beehive showed no sign of microorganisms. We diluted it a little with water and let it stand for a few days, and then took a source sample to isolate the yeasts. The sugar content of the samples were determined by a hand refractometer (Atago Co., Ltd., Tokyo, Japan) and the pH was measured by a Horiba F-12 pH meter. Since sample V-93-5 was a cluster of crystals, we did not measure the sugar content and pH.
Isolation of yeasts. Yeasts were isolated by direct streaking 0.1 ml of source on YM3o, YM50, or YM60 agar media (0.5% polypeptone, 0.3% malt extract, 0.3% yeast extract, 2.5% agar; all w/v, with glucose concentrations of 30, 50, or 60% w/w, respectively) with pH adjusted to 4.0 (Table 1) . Plates were incubated at 25°C for five days and the colonies were picked up. Enrichment culturing was also conducted for one week at 25°C in YM30, YM50, or YM60 broths with the same glucose concentration as in direct streaking. With sample C95, for which no growth of yeast was observed in the YM30 enrichment culture, we conducted another enrichment culture using YM HASHINAGA Vol. 43 medium containing 2% w/w glucose. Each of the enrichment cultures was followed by streaking on the corresponding agar medium. Colonies were plated twice on agar medium of the same glucose composition and pure cultures were maintained on YM agar slants containing 2% w/v glucose at 4°C, recultured every month and subcultured at six-month intervals. Identification of yeasts. Morphological, biochemical and physiological tests were carried out as described in "The Yeasts; A Taxonomic Study," 3rd ed. (Kreger-van Rij, 1984) . Cell sizes were measured after a 3-day incubation in malt extract broth at 25°C. Ascospore formation was conducted on various sporulation media described in the above-mentioned text as well as on YPG-50 agar medium (yeast extract, 0.5%; polypeptone, 1.0%; agar, 2%; all w/v; with 50% w/w glucose; pH unadjusted). Incubation was carried out at 25°C as well as at 20°C. The formation of pseudohyphae was observed on a slide culture of potato agar medium. Fermentation tests were done using 2 and 10% sugars. Assimilation tests were carried out by inoculating a 0.1 ml suspension of freshly grown yeast cells (24-30 h incubation at 25°C on YM agar with 2% glucose; pH unadjusted) to each of the assimilation medium, as described by Kreger-van Rij (1984) . With organic acids, the stock solutions were adjusted to pH 5.6 by the addition of saturated sodium hydroxide solution. All solutions were filter-sterilized. The DBB test was carried out after incubating on Sabouraud's 4% glucose-0.5% yeast extract agar plates for three weeks at 25°C. Assimilation and fermentation tests with supplementary compounds were conducted as described in "Yeasts: Characteristics and Identification," 2nd ed. (Barnett et al., 1990a) . Keys of both references were used for identification. The DNA base composition of mol% guanine plus cytosine (G+C content) was determined for seven strains. Yeast cells were harvested from YPG cultures (yeast extract, 0.5%; polypeptone, i%; glucose, 2%; all w/v) at the logarithmic phase, and the DNA was isolated by the phenol-chloroform method (Takagi, 1994) with slight modifications. The DNA was spooled around a glass rod to eliminate mitochondria) DNA (Tewari et al., 1966) . The DNA base composition was determined by reverse-phase high-performance liquid chromatography (Tamaoka and Komagata,1984) .
Sugar tolerance and salt tolerance tests. For testing the sugar and salt tolerances of yeasts, we used YM agar (yeast extract, 0.5%; malt extract, 0.3%; glucose, 1 %; agar, 2%; all w/v) as the basal medium. To this, 10 to 60% w/w glucose or zero to 2.5M NaCI were added. Actively grown cultures on YM agar with 2% w/v glucose were stab-inoculated onto the agar plates with different concentrations of glucose or NaCI. Plates were incubated at 25°C for five days and g the size of each colony was measured. The average of three colonies was taken. We obtained an osmophilic strain of Zygosaccharomyces rouxii N28 from the Laboratory of Applied Microbiology, Kagoshima University, which was employed in the sugar and salt tolerance tests for comparison with our isolated strains. This strain was isolated from miso and was salt-tolerant (Onishi, 1957) .
Growth curve of strain V19 at different sugar concentrations.
Since strain V19 showed strong glucose tolerance, we selected it and determined its growth curve at different glucose concentrations. Five milliliters each of YPG medium (yeast extract, 0.5%; polypeptone, 1.0%; both w/v; glucose, 5 to 80%, w/w) in 15-mm test tubes were inoculated with 0.1 ml of inoculum. The inoculum was a cell suspension in YPG (20% w/v glucose) medium at the logarithmic phase of growth, and contained approximately 1.1 X108 cells per milliliter. The test tubes were put on a reciprocal shaker and incubated at 25°C. The growth of yeast was measured by determining the turbidity at 650 nm with a Klett-Summerson meter, and the results were expressed in arbitrary Klett unit. Yeasts were not isolated from samples V-93-3, 0-95, or M-95 even though isolation was carried out using 2% glucose medium with some sources.
Identification of yeasts Table 2 shows the morphological, physiological, and biochemical properties of the isolates. In the table, the identified species are mentioned. The types of sugar and salt tolerance for each strain are also described at the end of Table 2 .
Zygosaccharomyces rouxii (Boutroux) Yarrow
Thirty isolates including 23 strains were identified as z. rouxii. There were some identical isolates. On the other hand, most of the strains differed from each other in one way or another. However, almost all of the strains fit the properties of Z rouxii, which is one of the species that includes a versatile range of fermentation and assimilation characteristics. There are discrepancies between the authors Yarrow (1984) and Barnett et al. (1990c) . While the former allowed slow assimilation of D-ribose for Z. rouxii, the latter did not. Similarly, while the former described that some strains of Z rouxii seldom assimilated succinic acid, the latter Ta hI 1 Sni i rr.PC and isnI tart vP rst strains a did not. Using both references in identification led us to include a wide range of strains as Z. rouxii. In view of the fermentation of maltose and sucrose, there are variations among standard type strains of Z. rouxii (Barnett et al., 1990c; Yarrow, 1984) . Some strains ferment maltose or sucrose but others may not. We observed such variations among our isolated Z rouxii strains, and we nominally divided them into four groups based on their fermentation properties so that the variations between each group could be seen easily. The representative strain in each group was registered at the collection centre of the Ministry of Agriculture, Forestry and Fisheries, and the MAFF numbers of the registered strains are described in Table 2 .
(a) Strains that fermented maltose. Six isolates including five strains belonged to this group. Strains in this group fermented maltose; delayed in most of them. The strains did not ferment sucrose. Cells were oval to ellipsoidal except with strain C1, in which they were globose. Strains P2, P5, and C1 produced well developed, branched pseudohyphae. With all strains, two ascospores per ascus were observed on malt extract agar and vegetable juice agar medium. Conjugation between separate cells preceeded spore formation in all but strain C1, in which no conjugation was observed. Variations of the strains lay in the differences in assimilation of maltose, trehalose, ethanol, ribitol, D-mannitol, D-glucono-l,5-lactone, and D-gluconate and growth in vitamin-free medium. Although strain C1 was isolated on 2% glucose medium, it showed sugar tolerance up to 60% (w/w) glucose and was included in this group. Strain C1 fermented maltose quickly while the other strains did so slowly. It was the only strain in this group which not only grew at 37°C but also grew slowly at 40°C (after two weeks). Strain H3 was the only strain that assimilated trehalose; a thin film was observed on the surface of the assimilation medium after one week. Although Kreger-van Rij (1984) did not include ethanol in the assimilation tests, on the probable presumption that most yeasts assimilate it, we found out that some of our strains did not. This was true also for Z rouxii strains in other groups. Nevertheless, our results were in agreement with those described by Barnett et al. (1990c) . All strains in this group grew well on 50 and 60% (w/w) glucose agar media.
(b) Strains that fermented maltose weakly. Eight isolates including six strains belonged to this group. Most strains fit the standard species description. Appreciable amount of gas did not evolve during the fermentation of maltose. Frequently, fermentation was not only weak but also delayed. The strains did not ferment sucrose. Cells were ovoidal. With strains S1 and 52, branched, Mycocandida-type pseudohyphae were observed under the cover slip of a Dalmau plate. All strains in this group were sporogenous. Ascospores were observed only on vegetable juice agar incubated at either 25 or 20°C. Low-temperature incubation led to slow formation of ascospores. In all strains, conjugation between the two cells preceeded spore formation. All strains matched the standard species description. In this group, variations of the strains lay in the differences in assimilation of sucrose, ethanol, ribitol, xylitol, D-glucono-l,5-lactone, and D-gluconate and in growth at 37°C. Strain S1 had weak and delayed urease activity. The dry part of the inoculated slant agar became pink after one week of incubation, and the whole surface of the slant culture turned red within two weeks. All strains in this group grew well on 50 and 60% (w/w) glucose agar media.
(c) Strains that did not ferment maltose. Fourteen isolates including 10 strains belonged to this group. Strains in this group fermented neither maltose nor sucrose. Most strains fit the standard species description. Cells of strains V1, V24, and V25 were globose; others were ovoidal. Developed pseudohyphae were observed with strains V1, V6, V7, V24, and V25. Strain V2 produced hyphae that resembled true septate hyphae. All but four isolates produced two ascospores per ascus. Like the strains in group (b), ascospore formation was observed only on vegetable juice agar. With strains V6, V7, V17, and V18, we did not observe spore formation. Barnett et al. (1990d) mentioned in "Tables for Identifying Individual Species" that Z. rouxii is distinguishable from Candida bombicola by the presence of ascospores. However, as can be seen from their standard descriptions, there are other differences; while C. bombicola ferments raffinose and grows slowly in 0.01 % cycloheximide (Barnett et al., 1990b) , Z. rouxii does not (Barnett et al., 1990c) . On the other hand, Yarrow (1984) stated that the imperfect state of Z. rouxii is C. mogii, although the latter assimilates citric acid (Meyer et al., 1984c) and the former does not (Yarrow, 1984) . Our results for the above-mentioned four strains do not agree with the standard species descriptions of either C. bombicola or C. mogii, but fit that of Z. rouxii. The reported values of G+C content for C. bombicola and C. morgii are 49.8 (Meyer et al., 1984a) and 46.1 mol% (Meyer et al., 1984c) , respectively, while that for Z. rouxii is between 39.0 to 41.2 mol% (Yarrow, 1984) . The G+C content of strains V7 and V18 were 38.6 and 39.8 mol%, respectively (Table 2) . Jermini et al. (1987) reported that out of 41 strains of Z rouxii isolated from high-sugar foods, only seven strains were sporogenous. Wickerham and Burton (1960) described that the taxonomy of Z. rouxii was complicated by the rapidity with which it might lose the ability to sporulate, and have reported on heterothallism in Z roux. Barnett et al. (1990a) also warned that picking up a single g colony in isolation might lead to the selection of an asporogenous strain which might otherwise be sporogenous.
In this group, variations of the strains lay in the differences in assimilation of galactose, L-sorbose, sucrose, maltose, ethanol, ribitol, D-glucitol, D-gluconate, and succinic acid, growth at 37°C and growth in vitamin-free medium. Strain P7 was the only strain that assimilated succinic acid. Strains V2 and V25 did not assimilate D-glucitol, which did not agree with what was described by Barnett et al. (1990c) ; Yarrow (1984) did not mention the assimilation of D-glucitol. All strains in this group grew well on 50 and 60% (w/w) glucose agar media.
(d) Strains that fermented sucrose. Two strains belonged to this group. Both matched the standard species description. Strains in this group fermented sucrose but they did not ferment maltose. Cells were ovoidal to ellipsoidal. Pseudohyphae was absent in both strains. Both strains produced two round ascospores per ascus on YPG agar medium. The characteristics of the two strains were the same, except that strain P1 assimilated ribitol and D-mannitol and strain P3 did not. Strain P3 grew well on both 50 and 60% (w/w) glucose media, whereas strain P1 grew well on 50% glucose medium but only weakly on 60% glucose medium.
Zygosaccharomyces bailiff (tinder) Guilliermond
Strain P'6 almost fit the standard species description of Z bailiff, except that it did not assimilate ethylamine HCI. Rudimentary pseudohyphae was observed. Two oval ascolpores per ascus were formed on vegetable juice agar. Strain P6 assimilated raffinose, while the strains of Z rouxii did not. Strain P6 grew well on 1 % acetic acid medium agar, which differentiated it from z. rouxii. Growth on 50% (w/w) glucose was delayed and weak, and growth on 60% (w/w) was absent.
Torulaspora delbrueckii (tinder) Linder
Strain V16 almost matched the standard species description. Cells were ovoidal. Two round ascospores per ascus were observed on vegetable juice agar. Strain V16 fermented glucose and sucrose, and assimilated sucrose, raffinose, ethanol, ribitol, and lysine only.
Candida bombicola (Spencer, Gorin et Tulloch) Meyer et Yarrow
Strain H1 almost fit the standard species description. The assimilation of D-ribose and growth at 37°C of strain H1 did not match what was described by Meyer et gal. (1984a) , but agreed with the species description of Barnett et al. (1990b) . However, strain H1 assimilated succinic acid only weakly, while both au-Su ar-tolera t n yeasts 45 thors described slow assimilation by standard strains.
Strain H2
Strain H2 produced two to four round ascospores on one-month old YM agar. Spores were persistent. Among the standard sporogenous species, strain H2 resembled Z rouxii. However, there were major differences. Strain H2 assimilated potassium nitrate, while the standard strains of Z rouxii do not. Moreover, strain H2 formed elaborate pseudohyphae abundantly. The pseudohyphae consisted of long branches and was bare of blastospores. With Z rouxii, it was reported that pseudohyphae was either absent or rudimentary (Yarrow, 1984) . On the other hand, the properties of strain H2 were similar to the standard description of C. etchellsii, although there were some differences. It grew well at 37°C and weakly at 40°C on YM agar, while the standard C. etchellsii strains do not (Meyer et al., 1984b) . The properties of strain H2 did not resemble the unidentified strains described by Tokuoka et al. (1985) , or the four new Candida species reported by the same authors (Tokuoka et al., 1987) . This strain was not identified as belonging to any species reported to date.
Types of sugar and salt tolerances of isolated yeast strains
The typical growth patterns of isolates with regard to glucose and NaCI concentrations are shown in Figs. 1 and 2 , respectively. Strains that did not grow well on YM agar but showed their maximum growth at 30 or 40% glucose or at 1.5 M NaCI are said to have strong tolerance toward those solutes, and are designated type 1. Strains that grew well on YM agar as well as on 10 or 20% glucose or at 1.0 M NaCI are said to have moderate tolerance, and are designated type 2. Strains that showed their maximum growth only at glucose concentrations of less than 10% or on YM agar (without NaCI), and for which growth declined successively with the concentration, are said to have weak tolerance and are designated type 3. In Table 2 , the types of sugar and salt tolerances of isolated strains are described. Sixteen strains belonged to type 1 (strong), four strains to type 2 (moderate), and the remaining seven to type 3 (weak) sugar tolerance. However, in view of salt tolerance, none of the isolated strains belonged to type 1 (strong), only two strains belonged to type 2 (moderate), and all remaining strains belonged to type 3 (weak). Some of the strains did not even grow in a 2 M NaCI concentration. Lodder (1970) described that the yeasts capable of developing in high-sugar concentrations may be suppressed by high concentrations of sodium chloride. This description and our results suggest that sugartolerant yeasts are not so tolerant toward salt, and Vol. 43 that the sugar and salt tolerances of yeasts do nc necessarily have the same aspect, as has been di~ cussed by some authors (Jermini et al., 1987; Muniti et al., 1976) . On the other hand, Z. rouxii N28, whic we used for comparison, belonged to type 2 sugar-to erant yeast and type 1 salt-tolerant yeast. Being isc lated from high-salt food miso, it had strong salt tolei ance, while it possessed moderate sugar tolerance.
Growth of Z. rouxii V19 at different glucose concentr~ tions
The growth curves of Z rouxii V19 in liquid medi with different glucose concentrations are shown in Fic 3. Maximum growth was observed at 10-20% w/~ glucose. It can be seen from Fig. 3 that V19 grew we with 50 or 60% w/w glucose, and maintained growt until 80% w/w glucose. As discussed by LoddE (1970) , there are very few yeasts that can grow i concentrations between 65-70% glucose. In thi sense, strain V19 is one of the rare strains. The fag that this strain was isolated from the sugar crystals of a fermentation tank may explain its strong sugar tolerance.
General discussion
It is noteworthy that a considerable number of strains were isolated using media with 50 or 60% w/w glucose. The results of identification and characterization indicate that Z rouxii constitutes nearly 90% of the isolates. It is clear that various strains of Z rouxii are distributed in high-sugar fermented vegetable extracts. All 23 isolated strains of Z rouxii fermented glucose, while some of them fermented maltose or sucrose. There were some strains which did not fit standard species descriptions. All isolates grew on media containing 50% (w/w) glucose and all but two grew on 60% (w/w) glucose. At least one strain maintained growth up to the glucose concentration of 80% (w/w) in liquid medium. Most of the isolated strains belonged to the strong sugar tolerance type, while they were included in the weak salt tolerance type. The strong sugar tolerance of yeasts may be an annoying problem in view of food protection, but this indicates that further studies are required to understand the mechanism.
We thank the Laboratory of Applied Microbiology, Faculty of Agriculture, Kagoshima University, for the supply of salt-tolerant yeast z. rouxii N28. Thanks are due to Professor T. Sakata, Laboratory of Microbiology, Faculty of Fisheries, Kagoshima University, for his advice and help in analyzing DNA base composition. This research was generously supported by an anonymous manufacturer of highsugar fermented vegetable extract. Growth curves of strain V19 at different glucose concentrations.
7, 5%; 0, 10%; •, 20%; A, 30%; LI, 40%; •, 50%; Y, 60%; 0, 7f1%. a 7ti0/. • Rflo/ All o/ arbor nli irnca
